Background: Since the mid-20th century, the ways in which social networks and older adults' health are related have been widely studied. However, few studies investigate the relationship between self-rated health and position in a complete social network of one entire Korean rural village. This study highlights use of a complete network in health studies. Methods: Using the Korean Social Life and Health Project, the population-based data of adults aged 60 or older and their spouses in one myeon in Ganghwa island (Ganghwa-gun, Incheon, Korea), Incheon, Korea (with a 95% response rate), this study built a 1,012×1,012 complete social network matrix of the village. The data were collected from 2011 to 2012, and 731 older adults were analyzed. The ordered logistic models to predict self-rated health allowed us to examine social factors from socio-demographic to individual community activities, ego-centered network characteristics, and positions in a complete network. Results: From the network data, 5 network components were identified. Even after controlling for all other factors, if a respondent belonged to a segregated component, the probability that he or she reported good health dropped substantially. Additionally, high in-degree centrality was connected to greater self-rated health. Conclusion: This finding highlights the importance of social position not only from the respondents' point of view but also from the entire village's perspective. Even if a respondent maintained a large social network, when all of those social ties belonged to a segregated group in the village, the respondent's health suffered from this segregation.
INTRODUCTION
Self-rated health is known as a single valid and efficient predictor of morbidity and mortality independent from other health statuses. One study examined self-rated health as a predictor of mortality in 27 longitudinal studies, which utilized typical community samples 1) . They found that self-rated health was an independent predictor of mortality in nearly all examined studies despite the inclusion of numerous health status indicators and other relevant factors known to predict mortality. Although self-ratings of health must to some extent be modified by gender or culture, they still are believed to be a valid measure of health status 2, 3) . The association between self-rated health and a variety of biomarkers, such as albumin, hemoglobin, and white blood cell counts, was also studied, and self-rated health was found to have a graded association with all of the biomarkers tested and thus has physiological foundations 4) . For example, Christian 5) reported that poorer self-rated health was associated with elevated inflammatory biomarkers such as higher interleukin-6 and C-reactive protein levels. One possible interpretation here is that, as a human being, a living person transmits information from the organism to individual consciousness through sensations that may reflect physiological dysregulations such as inflammatory processes and thus incorporates that information into self-ratings of health 2) . In any event, in this study, we treat self-rated health as one of the most universal and inclusive predictors of critical health statuses, including death.
Meanwhile, the tradition of social network research into older adults' health statuses could go back to the very early stages of social theory development in gerontology. One of the earliest explicit hypotheses and theories was developed by Cumming 6) between 1957 and 1960. Under the title of "a tentative theory of aging," Cumming et al. 7) proposed an explicit alternative to what was, at that time, an implied theory. They argued that the rate and variety of interaction would lessen with age and pictured the individual as cooperating in this disengagement process rather than being deserted and stranded. They focused on the fact that the aged group chose more relational rewards than did the middle-aged group and even enjoyed freedom from all sorts of middle-aged obligations with regard to jobs, spouses, and children. This tentative theory was later coined as disengagement theory 6, 8, 9) . The implied theory to which disengagement theory was proposed as an alternative was later called "activity theory" 10, 11) . It assumed that successful aging means the maintenance of the activities and attitudes of middle age as far and as long as possible 8) .
Although the 2 theories are not directly comparable given that the opposite of disengagement is not activity but engagement 6) , they led early work in social gerontology as 2 promising and competing theories and thus influenced a plethora of subsequent studies. Numerous publications, however, showed mixed results for both theories. Different types of disengagement in various social relationships were confirmed [12] [13] [14] while many other studies discredited disengagement theory 9, [15] [16] [17] . Since the first explicit statement of its core ideas 18) , activity theory also led to various confirming studies 17, [19] [20] [21] . However, many subsequent examinations failed to find sufficient evidence to support the theory and evaluated it as lacking the richness and complexity of activities among older adults [22] [23] [24] . It is interesting that, after failing to sustain consistent and sufficient empirical support, both theories withdrew from the central stage of social gerontology and disappeared into the psychological realm by examining individual personalities or temperaments. After evaluating activity theory as being insufficient to explain optimal or successful aging, Havighurst 25) concluded that personality seemed to be pivotal when describing and predicting the relationship between aging patterns and life satisfaction. Further work by Cumming 6) on disengagement theory also argued that vital differences in the style of aging resulted from dissimilar temperaments, which are biologically based individual characteristics. Although the very early measures of activity or disengagement were based on social relationships or ties, both the activity perspective and disengagement theory turned their attention from social networks to social psychology. Although the very early interests of gerontology did not remain with social networks, the role of social networks to explain health statuses among older adults has been studied under various terms since the 1970s. The very first systematic studies were developed under the term "social support" around the mid-1970s [26] [27] [28] . For example, one of the earliest studies examining the relationship between social networks and mortality was done in Alameda County, California 29) . The social networks were assessed using the Social Network Index, which showed the number of ties weighted by the intimacy and importance of each. Numerous elaborate analytical concepts, methods, and measures were further developed by means of social network analysis during the 1980s, and they fueled the advance of social network assessment studies in gerontology, which differed from the composite indices of social supports that were early developed. Specifically, the characteristics of social network structures, such as their size, density, and degree of homogeneity, were closely examined [30] [31] [32] [33] [34] [35] . The relationships between various structural measures of social networks and early-developed (especially perceived) social support have yet to be systematically elaborated. At present, social networks and related concepts such as social support, social integration, social cohesion, social capital, and social efficacy are analyzed without elaborated distinctions as social determinants of health status of older adults 31, 36) . Since around 2000, in addition to the structure of respondents' social networks, the position of the ego of each respondent with regard to his or her social ties became a topic of interest in the realm of social gerontology. The National Social Life, Health, and Aging Project (NSHAP), which collected information about the relationships not only between each respondent and his or her ties but also between social ties (alters), was an appropriate dataset with which to start this type of research as it enabled measurement of respondents' roles between alters [37] [38] [39] [40] . For example, with the NSHAP, Cornwell 37, 38) delved into a bridging (or brokerage) position to examine older adults' health in which the bridging of respondents was measured by the number of pairs of alters not directly connected to each other. He proposed that maintaining bridging positions requires cognitive skills to deal with alters with different backgrounds and attitudes and, thus, the social friction between them. He showed that both cognitive and functional forms of health were significantly and positively associated with the bridging position of the respondent, which was assumed to survive cognitive challenges. This type of social network research, which systematically examines the structural positions of older adults, allowed gerontology to become gradually more independent from the early tradition, which emphasized the psychological dimensions of social support.
Although the NSHAP included a series of questions about the relationships between the respondents' alters, it was still based on a sample of the population and thus relied on ego-centered networks (or local networks). If we collect information about the social ties of an entire target population and identify each alter in the population, we will end up with a complete network (or global network) that contains all of the egos and their ties in the population. The use of a complete network in health studies on older adults is extremely rare, with only 2 exceptions. Haas et al. 41) American continuing care retirement community (CCRC). His analysis of a complete network revealed that residents with the best health had a positional advantage in that they were more likely to be autonomous from alters. They also tended to have higher integration scores, which are supposed to measure how close the ego is positioned to all other residents in the CCRC, on average. This study attempts to continue this recent trend by examining a complete social network in an entire rural village in Korea, and research strategy views gerontology in terms of the more structural and formal characteristics of the social milieu, which is quite different from social support as reported and perceived by the respondents themselves in this area of research. Complete social network data have a definite advantage compared to ego-centered network data. Although an ego-centered network can measure structural factors beyond those associated with an older adult's individual attributes, it still only conveys the network structure with direct ties (or first-order ties) to the respondent (ego). It does not deliver a complete picture of how indirect ties higher than the first order are associated with the ego's various health statuses. For example, although 2 people, A and B, may share the same number of social ties (alters) with identical relationships between their direct alters, the network positions of the 2 can differ if all of the ties of person A are confined to a small and segregated group of people while all of the ties of person B belong to a large and expansive cluster. This study reveals that the self-rated health statuses of persons A and B can be dissimilar. Network components -groups that connected within and separated between -were built using complete social network data. We tested whether self-rated health is different if respondents are positioned in different network components, controlling for other confounding factors including individual-level or perceived social network.
MATERIALS AND METHODS

Data
The Korean Social Life, Health and Aging Project (KSHAP) is a population-based dataset pertaining to one entire rural village, referred to here as Township K, in Korea. Township K is a typical rural village in which most residents live by farming. It is located on Ganghwa island (Ganghwa-gun, Incheon, Korea). Approximately 67% of our respondents were working, and 88% of those were farming. Ganghwa island is not a small island by any means at about 300 km 2 . Although it is an island, it is rarely separated from the mainland due to its 2 large bridges. In fact, it is easy to miss that one is on an island when driving through the wide and large bridges connecting it to the mainland. The total population of all ages in Township K was 1,864 with 871 families as of January of 2013. The survey questionnaires were designed to be directly comparable to the NSHAP, a nationally representative data collection funded by the National Institute of Health and gathered by the National Opinion Research Center from 2005 to 2006 40) . The Institutional Review Board of Yonsei University approved this study (approval number: YUIRB-2011-012-01).
The KSHAP has 2 distinctive features. First, it was designed to examine the entire population (not a sample) of people aged 60 years or older and their spouses in Township K. After the aid of township officers and after a pilot study, a total of 860 people were identified for the KSHAP population. We finished face-to-face surveys with 814 of these 860 people from December of 2011 to March of 2012 for a response rate of 94.65% (814/860). The interviews were conducted in respondents' homes or at community centers. They lasted 48 minutes on average. Without missing value of any variable, 731 out of 814 were included in the analyses.
Second, due to the population dataset, the complete network of an entire village could be constructed from the survey on social networks. We adopted the same name generator as used by the NSHAP: people with whom the respondent discussed personal problems or concerns most (up to 5 people). The social network of the respondents consists of these discussion network partners and a spouse, if any, for a total as high as 6 members. This unique feature enables us to measure one additional valuable network characteristic. We can identify the indirect ties in addition to the direct ties of any person in a population; i.e., we can pinpoint friends of friends of friends of any one person. Fig. 1 shows the complete social network of the entire village. Using Pajek -a network analysis program developed by Mrvar A. and Batagelj V. -a list was made of all respondents, their alters, and all social ties between them, and a network graph was drawn. With this rare complete network, we examine the relationships between network positions and self-rated health statuses.
Measurement
1) Self-rated Health
Self-rated health was measured on a 5-point Likert scale. During the survey, each respondent was asked, "In general, would you say your health is excellent, very good, good, fair, or poor?" In analysis, the variable was considered ordinal and scored from 1 to 5; a higher score means better health status.
2) Community Engagement
Following Lemon et al. 43) , we decided to examine as many types of community activities as possible. The respondents were asked if they had a formal role or position in the village, such as the head of a senior association or alumni association or the head of the "ri". A "ri" is the smallest administrative Fig. 1 . Components of the complete network of all of Township K. A name generator was used to collect the data, and a respondent could choose up to 5 discussion partners. Spouses were always regarded as discussion partners, so the maximum possible number of discussion partners was 6. Black squares and white circles refer to male and female respondents, respectively. Arrows indicate selecting a discussion partner and show the direction and number of selections. district within a village. Township K consists of one "myeon," which is comprised of 5 "ri"s. In addition, visiting a senior center is an important part of the routine of many Korean older adults in rural areas so that they can meet other senior citizens and maintain various social relationships. There is a government-funded program for older adults to help them find part-time jobs, and we identified those who had experience using it. Other types of social engagement in the village for many older adults are religious activities. The respondents were asked about other possible types of community engagement, including their participation in senior citizen associations, organized (by a mutual aid association or an alumni association) or nonorganized (for example, a one-time event to help neighbors) or similar voluntary activities. Lastly, we also included memberships in formal community organizations such as a senior citizens' association or married women's association. All of these variables were measured as binary except for the frequency of attending religious activities, which was measured according to the number of days per year. This was originally a 7-point scale item (from "never" to "3-4 times" per week) and later calculated as days per year. We also included current working status as a community activity considering most working respondents in the village were engaged in farming, which tended to be a community-embedded group task.
3) Egocentric Network Variables
Engagement at the egocentric-level network was measured as follows: (1) network size, which is the number of discussion partners, ranging from 0 to 5; (2) network density, which was measured as the proportion of all possible pairs among alters in which 2 individuals know each other -alters were assumed to know each other unless a respondent answered that "they have never talked to each other before"; (3) the proportion of alters whose gender is female; (4) the proportion of alters who are related to the respondent; (5) the degree of emotional closeness to alters on average, as measured by asking, "How close do you feel your relationship is with the alter?" with 4 response categories ranging from "not close" (coded as 1) to "very close" (coded as 4); and (6) the volume of contact with alters on average, which was scored according to days of talking per year by asking, "How often do you talk to the alter?" with response categories ranging from "every day" to "I have never met the alter before." Network density is calculated only when network size is the same as or greater than 2, by definition. Sixty-two respondents with 0 or 1 egocentric network sizes were excluded from the study.
4) Complete Network Level: Degree Centrality
To construct one complete network of all of Township K based on 814 egocentric networks from the 814 respondents, we needed to identify the same alters (duplicates) who appeared in multiple egocentric networks of different respondents. Based on the respondents' reports, the KSHAP collected detailed information for identifying alters, such as their names, genders, ages, and addresses, in the smallest administrative unit, the "ri." We assumed 2 alters were the same person if the alters satisfied all of the following 4 criteria: (1) at least 2 out of 3 Korean characters in their names matched, (2) their genders were identical, (3) their age difference was less than 5 years, and (4) their addresses was in the same ri. After this alter-identification process, we obtained one complete network that contained 1,593 people and 2,499 ties between them. We then excluded 581 nodes who were (1) nonspouses of survey respondents and (2) living outside of Township K. Therefore, a total of 1,012 nodes and 1,799 ties were included in the analysis, and a matrix of 1,012×1,012 was created to calculate the various network variables. Degree centrality measures the number of inward ties (indegree centrality) or outward ties (out-degree centrality) maintained by a respondent maintains. An inward tie means that others in the village chose the respondent as their discussion partner while an outward tie exists when the respondent names an alter as a discussion partner. If a respondent has high out-degree centrality, she or he is considered to retain a rich pool of individuals for discussions. If a respondent scores high on in-degree centrality, he or she is assumed to be frequently sought by other villagers for advice. This in-degree centrality cannot be measured based on egocentric network data, because it cannot be used to identify who counts a respondent as a discussion partner. The correlation coefficient between in-degree and out-degree centrality was only 0.26. This low level of correlation highlights the necessity of a complete network dataset.
5) Complete Network Level: Network Component
A component refers to a group that is connected within and separated between groups 44) . If there is a direction in a network, 2 types of components are possible: weak and strong. A strong component is a group in which every person is reachable from every other following the directions of the discussion network. A weak component is a group in which every person is reachable from every other but not necessarily following the directions of the network. We used weak components given that there are too many strong components (537 components) in the village; we believe strong components are too restricted to measure the social dynamics of the village.
The largest component had a size of 768. This component includes all 5 "ri"s, subdistrict areas of the village. In contrast to the largest component, the second largest component, with a size of 63, is quite homogeneous. All 49 survey respondents out of 63 members in the component came from the same "ri" and were secluded from the rest of the village in that sense. A component of size 2 refers to people who have only one alter in the village; we refer to this as "dyadic only." A component of size 1 refers to individuals isolated from other members of the village. This group is labeled as "being alone." There are other components whose sizes range from 3 to 5; they were grouped as "others" in the analysis. Fig. 1 reveals this complete network of the village.
6) Covariates
The respondents' ages were calculated based on the date of birth they provided. The number of years they had lived in Township K was also provided by each respondent. We believed people who had spent more time in the village were more likely to be strongly embedded in the village and that this may increase their engagement activities. Educational attainment was broken into 4 groups: no school, elementary school and seodang, and middle/high school and some college or higher degree. A seodang is a traditional school that corresponds to current elementary schools. Annual household income data were collected by Korean won at first, and 10 million won was considered to be equal to $10,000. Income was divided into 4 categories: no data, less than $10,000, $10,000 to $20,000, and more than $20,000. Various chronic medical conditions were recorded (Table 1) . Health behaviors such as drinking, smoking, and sleeping hours per day were included. Smoking was measured by 4 categories in the survey: smoked in the past and currently smoking, smoked in the Values are presented as number (%) or mean±standard deviation. past but not anymore, never smoked, and did not smoke in the past but currently smoking. In analyses, smoking behavior was recoded into a binary variable: current smoking status. Drinking status was classified into 3 groups: not drinking at all, drinking less than once a week, and drinking once a week or more.
Statistical Analysis
We tested several logistic regression models with different cutoff points and found that parallel regression assumption was violated, but there was no significant change in the major findings. Although specific value of predicted probability on certain outcome value changes when generalized ordered logistic regression is conducted, the main conclusion is retained. Therefore, we decided to use an ordered logistic regression. Model 1 included only socio-demographic covariates, and from model 2 to model 4, we added the variables of community engagement, an egocentric network, and both, respectively. Model 5 contained 2 levels of network variables excluding the network size because it is identical to out-degree centrality in principle: egocentric and complete. Model 6 took all possible variables into account. We used Stata 11 (StataCorp LP., College Station, TX, USA) as the statistical package, and p<0.05 was regarded as indicating a statistically significant result. Tables 1 and 2 summarize the statistics of health status and socioeconomic and network variables. The mean age of respondents was 71.8±8.1 years, and the proportion of female participants was 57.4%. They had lived in this rural area for 47.5±26.1 years. Most respondents were uneducated (29.1%) or graduated elementary school (41.6%). Almost half of their annual income of the last year was less than $10,000 (49.8%), and the number of chronic diseases was, on average, 2.0±1.7. Nearly half of the respondents answered that their self-rated health was good (50.1%), and one-third reported that it was fair (33.5). Two-thirds of the respondents were currently working (68.8%) and used a senior center (67.7%). They attended religious activities 30.5±55.3 days per year, and 51.2% took part in events at a senior citizens association. Network size was 3.3±1.1 on average, and network density was almost 1. Almost no difference was found for network density, and we speculate the reason is that it is more difficult to be unknown to each other in a small rural village, so it is more natural that one's discussion partners know each other. On complete network properties, in-degree centrality was 2.0± 1.6, and out-degree centrality was 2.3±1.3. Five distinct network components were found, and most members belonged to the largest one (size 768, 78.7%). 001 Values are presented as mean±standard deviation unless otherwise indicated. R, respondents; ri, the smallest administrative district within a village; OVA, organized voluntary activities; FCO, formal community organizations. All descriptive statistics, except % of residents in each component, were calculated based on information regarding the survey res-pondents and not the component members. Characteristics of 5 "ris" were measured based on 1,008 observations out of 1,012, because 4 were spouses who did not reside in the village when surveyed. ficant by component (p=0.051), but the component of size 63 showed the lowest self-rated health. Education level and annual household income had statistically significant differences between components. In general, respondents in the largest component had high-level community engagement and the largest extent of network properties. Table 4 shows the results of the ordered logistic regression used to predict the 5-scale self-rated health characteristics of the older adults in Township K. Among the socio-demographic covariates, age, female, education level, income, health conditions, and health-related behaviors (drinking alcohol and smoking) had statistically significant effects on self-rated health. Educational level, annual household income, female gender, and drinking alcohol revealed positive relationships with self-rated health while age and the number of chronic diseases tended to decrease self-rated health statuses. The levels of statistical significance and magnitude of most sociodemographic factors were similar from model 1 to model 6. The effects of community engagement, egocentric network, and complete-level network factors may be relatively inde0 pendent from the socio-demographic features among the older adults in Township K.
RESULTS
Model 2 confirmed that, among community engagement activities, currently working, nonorganized voluntary activities, and membership in formal community organizations had statistically significant and positive effects on self-rated health. This result was consistent with the main arguments of activity theory in early social gerontology. The differences in the magnitude of their effects between models 2 and 6 are immaterial. We believe these types of community engagement have independent effects on self-rated health from other socio-demographic and network variables. Volume of contact with alters (day) 1 .00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)
Complete network In-degree centrality Values are presented as odds ratios (95% confidence interval). Odds ratios were obtained by ordered logistic regression. Note that selected unimportant variables are excluded in Table 4 . See Appendices 1 (full regression result with odds ratio and 95% confidence interval of all variables) and 2 (pairwise correlation coefficient matrix of selected variables) for details.
From models 1 to 6, the following variables were adjusted: age, sex, marriage, education, annual household income last year, current smoking behavior, sleeping (hr), years lived in village (yr), and frequency of religious activities.
Model 3 examined the association between egocentriclevel network variables and self-rated health after controlling for socio-demographic features. A larger network size was associated with better self-rated health, as confirmed in many previous studies. In addition, older adults who felt closer to their alters reported better health statuses while people who had a higher proportion of relatives in their discussion networks had worse self-rated health statuses. Model 4 controlled for community activities and egocentric level networks together in relation with their associations with self-rated health. Every egocentric-level network variable lost its statistical significance while community activities maintained their statistical significance and effect sizes. We believe that, in a rural Korean village in which many community engagement activities are well organized and embedded into the residents' everyday activities, the characteristics of egocentric-level networks did not make a difference once the engagement level was taken into account.
Complete Network-Level: Degree Centrality
Model 5 examined both in-degree and out-degree centrality. Only in-degree centrality was statistically significant; a respondent who was indicated as a discussion partner by more people was more likely to report better health status. Out-degree centrality, which is usually examined under the term "network size," in an egocentric-level network showed no statistical significance. However, even in-degree centrality lost much of its statistical significance when community activity factors were added to model 6. Model 6 revealed that, in our traditional rural Korean village, many network features, such as the network size, emotional closeness, and degree centrality lost their statistical significance once community activities -especially current working status or engagement in nonorganized voluntary activities and membership in formal community organizations -were considered.
Complete Network-Level: Component
Older adults who belonged to different components showed discrepancies in their self-rated health statuses even after controlling for all other types of factors in model 6. First, membership in the component with a size of 63, i.e., the second largest group, had a statistically significant and negative effect on self-rated health status compared to that of the largest component, with a size of 768. In other words, even if 2 older adults of the same age had the same number of discussion partners, their self-rated health statuses could differ depending on the component (social group) to which they belong.
Second, people who did not have any discussion partner or spouse in Township K (i.e., who were alone) did not show a statistically significant difference from respondents who belonged to the largest component with regard to their selfrated health statuses. Contrary to common sense, they were more likely to report better health statuses, although this difference was not statistically significant.
DISCUSSION
This research attempted to widen the horizon of social gerontology by examining new social network measures at the global (or complete) level and by reevaluating previous network studies. Membership of the components in the global-level network was found to be critical to predict self-rated health. The members of the second largest component, with a size of 63, reported the worst health statuses even after controlling for all other variables, as shown in Table 4 . Furthermore, as shown in Table 3 , the members of this component were not strikingly different from those of other components in terms of age, female proportion, the number of chronic diseases, years of residence in the village, or network size. Additionally, the proportion of married people was highest in this component. However, the major difference was found in the proportion of residents in each ri, the smallest administrative unit. Township K consisted of 5 "ri"s, and all of the survey respondents (or 90% of the members including nonrespondents) in the component belonged to a specific "ri." In other words, they were strongly segregated from the rest of the village despite the fact that the component they belonged to was the second largest.
This result is not the same as numerous previous findings of the negative effects of loneliness or isolation. Former studies examined the evidence of negative effects by using perceived loneliness usually measured by psychologically developed survey questions 45) or social isolation typically scaled by the lack of contacts or ties 46) or both 47) . The social segregation we found in this study is different from perceived loneliness or absence of contacts. Even if a respondent maintained a large social network at the egocentric level and he or she belonged to a relatively large group (component) and, thus, may not have felt lonely, if the component to which he or she belonged was segregated from the rest of the village, his or her self-rated health status could be harmed. This type of social segregation at the group level can only be identified from global-level network data. Given the findings here, these areas require new attention by researchers.
Meanwhile, people who refused to report their household income tended to report the worst self-rated health; we speculate that people with the lowest level of income may avoid answering this question. It was somewhat unexpected that people who drank more reported better health statuses. We believe there are 2 possibilities. First, we may have observed an instance of reverse causality in which people in better health may be able to drink more. Second, considering the social settings of a traditional, rural Korean village, where most gatherings involve alcohol consumption, especially during the winter when the survey was done, drinking is evidence of active social engagement.
Among the factors assumed to measure the amounts of activity, the network size at the egocentric level and the degree of in-degree centrality (how many people named the respondent as a discussion partner) at the global level lost most of their statistical significance once community activities were controlled for. However, the association between community activities and self-rated health was statistically significant even when all other factors were taken into account together. We believe that, in a traditional rural village such as Township K, older adults' personal networks were well embedded into community activities. Therefore, various community activities could capture the characteristics of personal social resources more comprehensively than narrowly defined discussion networks. This finding is fairly consistent with activity theory. Needless to say, we confirmed only an association and not causality; it is also possible that older adults who felt healthier were more likely to participate in community activities. Reverse or reciprocal causality should also be considered as proposed in studies on frailty and social engagement, network, or support 48, 49) .
Not only active theory but also disengagement theory seemed to be at least partly supported by the findings here. In model 6, in which all types of variables were controlled for, older adults in this component of "being alone" tended to report same health status as people in the largest component of size 768: the odds ratio was 2.354 without statistical significance. Nevertheless, the 95% confidence interval was very wide (0.58-9.63), and the number of people in the "being alone" component was small (n=14). The relationship between health and "being alone" is highly variable unless evidence that those older adults were "selectively disengaged" is found. Further research questions must include whether they maintain social network outside the village and voluntarily disengaged from the rural community. Although further studies are needed to make a conclusion, it should be noted that this result is detectable only when complete social network data are used.
The study has a few limitations. First, cross-sectional data were used, and reverse or reciprocal causality should be tested using panel data. Second, social relationship outside the village was not considered. It is uncertain if a person segregated from the village could be healthier by maintaining a social network from a city or other rural villages nearby or faraway. Third, the generalization outside the rural area must be limited. Geographical boundary is indefinite and provides less restriction in city areas, and the meaning of social network in a certain area would be very different.
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